Objectives: Failed back surgery syndrome (FBSS) affects 40% of patients following spine surgery with estimated costs of $20 billion to the US health care system. The aim of this study was to assess the cost differences across the different insurance providers for FBSS patients.
INTRODUCTION
Chronic low back pain (cLBP) is rising as one of the most expensive conditions to manage, with approximately 37% of adults affected and annual costs ranging from 12.2 to 90.6 billion health care dollars (1) (2) (3) . It is estimated that 10-40% of patients have persisting pain after surgical treatment for cLBP and are diagnosed with failed back surgery syndrome (FBSS), with estimated health care costs of up to $20 billion dollars annually (1) (2) (3) (4) . First line therapy for patients with FBSS is conventional medical management (CMM), followed by spinal cord stimulation (SCS) in select patients where CMM has failed and re-operation is undesirable (5-7). While there are studies comparing the outcome and cost differences between CMM and SCS, efforts in identifying other factors that may lessen the burden of the soaring healthcare costs are necessary (8, 9) .
In particular, a disparity in insurance providers is one contributing factor that is readily marginalized. Recently, insurance claims and hospital reimbursements have increasingly become more complex and have profound effects on healthcare management and overall costs in treatment plans. Prior studies have found differences between healthcare utilization and insurance providers in patients with FBSS. Important to note, Medicare is predominantly for elderly patients 65 years and older, while Medicaid is for low-income families or individuals of any age. In a retrospective analysis of 16,455 patients with FBSS, Lad et al. found that Commercial-and Medicareinsured patients were more likely to undergo lumbar reoperation, with significantly more Medicaid patients undergoing SCS implantation (10) . However, the effect of different insurance providers on overall costs in managing patients with FBSS is relatively unknown.
The aim of this study was to assess the cost differences for patients undergoing SCS implantation as well as those who did not, across different insurance providers for patients with FBSS.
METHODS
Patients were retrospectively queried from the Truven Reuters MarketScan V R database to identify patients with a history of FBSS from 2001 to 2012. The MarketScan database consists of patientspecific data on clinical utilization, including inpatient, outpatient, medication, and laboratory information from insurance enrollment and costs. Patients were grouped into Commercial, Medicaid, or Medicare cohorts based on the patients' insurance claims.
International Classification of Diseases, Ninth Revision, (ICD-9) codes were used to select patients with a diagnosis of FBSS. The following codes were used: 72283, 3382, and 3384. FBSS patients were defined as having the ICD code 77283, or a chronic pain diagnosis code of 3382 or 3384 with a prior lumbar spine surgery procedure code of 63005, 63012, 63017, 63030, 63042, or 63047. Patients with a history of SCS were defined by the presence of the procedure code 63685 and one of the following codes: 63650 or 63655. Only patients with a minimum of one year of continuous data were included.
Baseline characteristics were collected for all patients including patient age, gender, Charlson comorbidity index (CCI), and date of claim. Cost data were collected for all patients one year prior to the first diagnosis of FBSS, as well as annual costs following the initial diagnosis. Descriptive statistics were reported at the time of SCS implantation, and post-implantation for the SCS patients, as well as for the non-SCS implanted patients. Negative and extremely large values were removed by excluding the highest and lowest 1% of values to account for outliers. The data included total costs of all medical expenses, pain-related procedure costs, pain prescription costs, medication costs, number of pain-related encounters, and number of pain prescriptions.
A longitudinal analysis was used to model the value of log(cost) in each one year interval using a generalized estimating equations (GEE) linear regression model to account for the correlation of the same patient's cost in multiple years. Each model includes sex, age, Charlson score, insurance, an indicator of received SCS this year, an interaction between indicator of received SCS this year and the normalized surgery calendar year, an interaction between indicator of received SCS this year and insurance, an interaction between indicator of post-SCS and post-SCS years, an interaction between indicator of post-SCS year, post-SCS years and insurance. All the GEE models assumed an exchangeable correlation structure for patients with multiple years of data. All analyses and data processing were conducted using SAS software, V9.4, SAS Institute Inc., Cary, NC, USA.
RESULTS
We identified 122,827 FBSS patients (Commercial: n 5 51,354, Medicaid: n 5 24,183, Medicare: n 5 47,290) with 117,499 patients who did not have SCS-implantation (Commercial: n 5 49,075, Medicaid: n 5 23,180, Medicare: n 5 45,244) and 5328 who had an SCSimplantation (Commercial: n 5 2279, Medicaid: n 5 1003, Medicare: n 5 2046). Baseline characteristics were different among the cohorts, with the Medicare patient population being older in age and having higher median CCI score than the other cohorts (Commercial: 1.0 vs. Medicaid: 1.0 vs. Medicare: 2.0, p < 0.0001), Table 2 .
Annual Cost for Non-SCS Patients Over 12-Year Study Period
Over the 12-year period, there were significant differences in overall cost metrics between the cohorts who did not undergo SCS implantation. Table 3 .
Cost at Year of SCS Implantation
At the year of SCS implantation, there were significant differences in overall cost metrics between all the cohorts. Table 4 .
Annual Cost for Post-SCS Patients Over 12-Year Study Period
Over the 12-year period, there were significant differences in overall cost metrics between the cohorts who underwent SCS implantation. Compared to the Medicaid and Medicare cohorts, the Commercial-cohort had the lowest median (IQR) total costs (Medicaid: $4045. Table 5 .
Compared to the Commercial and Medicare cohorts, the Medicaidcohort had the lowest median (IQR): 1) pain prescription costs Table 5 . The overall nine-year total costs is depicted, Figure 1 . Table 6 is the estimated cost ratio comparing patients' records after an SCS to those without an SCS in different insurance groups. For the baseline total cost, Commercial insurance is 0.1 times (90% lower) than Medicaid, while Medicare is 52% higher than Medicaid. Using Medicaid patients as the reference group, Medicaid patient records in the year they received SCS are expected to have a total cost 1.42 times that of records of non-SCS patients, (42% increase). For Medicare patients, patient records in the year they received SCS are expected to have a total cost 1.19 times that of records of non-SCS patients (19% increase) and 0.84 times that of Medicaid patients (16% decrease). For Commercial-insured patients, patient records in the year they received SCS are expected to have a total cost 33.6 times that of records of non-SCS patients and 23.7 times of Medicaid patients. For each unit increase of post-SCS years, Medicaid patients save 8% in total cost, while Medicare patients save 2.5%, and CCAE patient save 62% compared to the non-SCS patients. Therefore, Medicare patients are expected to have 6% higher and Commercial patients are expected to have 58% lower cost than Medicaid patients in the post-SCS period. 
Multivariate Longitudinal Regression GEE Model

DISCUSSION
Our study demonstrates that Medicaid-insured patients have lower overall annual costs compared to Commercial-or Medicareinsured patients with FBSS not undergoing SCS implantation. However, Commercial-insured patients have lower overall annual costs compared to Medicaid-or Medicare-insured patients with FBSS post-SCS implantation.
Previous studies in spine-based disorders have found disparities in health care management based on patients' insurance providers. In a case-control study of 38,092 patients with the same principle diagnoses, Ialynytchev et al. found that patients with commercial insurance were significantly associated with lumbar fusion surgery, where as Medicaid patients were negatively associated with surgery (11) . Similarly, in a retrospective review of 228,882 lumbar-spine surgery patients, Jancuska et al. showed that at high volume hospitals, there are significantly more privately insured patients undergoing lumbar fusion than are Medicare and Medicaid-insured patients (12) . Additionally, the authors found that Medicaid-insured patients are overrepresented at low-volume centers where access to care is lower than high-volume hospitals (12) . Specifically, for insurance disparities in patients undergoing SCS implantation, Huang et al. found in a retrospective study of 13,774 patients that commercially insured patients had significantly higher overall costs, compared to Medicaid-insured patients, with no significant differences in complication rates (13) .
Analogously, our study also found that Medicaid-insured patients with FBSS had lower overall costs than Commercial-and Medicareinsured patients with FBSS and non-SCS medical therapy. These baseline cost differences could be due to the reduced number of treatment options provided to Medicaid patients who present with FBSS. However, Commercial-insured patients with FBSS undergoing SCS implantation had a lower median total cost post-SCS implantation than the Medicaid-and Medicare-insured patients. Interestingly, these findings may suggest that patients with Commercial insurance limit their need for continuous follow-up clinic visits or hospital admissions. Conversely, these differences may be due to the treatment disparities offered to the different insurance populations.
Additionally, studies suggest insurance type may also dictate the surgical approach that is performed. In the retrospective study of 13,774 who underwent SCS implantation by Huang et al., there was a significant difference the type of initial surgery performed between the cohorts, with a greater proportion of Commercially insured patients undergoing percutaneous lead than the Medicaid-insured patient cohort (p < 0.0002) (13) . While there is a paucity of data demonstrating differences within the SCS patient-population, there are several studies in other surgical sub-specialties that have demonstrated the impact of insurance status on surgical approach. In a retrospective study of 23,274 patients undergoing either minimally invasive surgery (MIS) or open surgery for rectal cancer, Turner et al. demonstrated in a multivariate analysis that insurance status was an independent predictor of whether a patient would receive MIS or not (14) . The authors found that compared to the uninsured and Medicare/Medicaid patients, privately insured patients had significantly higher odds of receiving MIS (14) . Similarly, in a retrospective study of 125,869 patients who underwent vaginal vault suspension of any type, Fack et al. found that patients with private insurance or Medicare were at significantly increased odds of undergoing robotassisted surgery than patients with Medicaid as their primary payer (15) . Furthermore, the authors found that private insurance was associated with increased reimbursement and that robot-assisted surgery was associated with $4825 increase in hospital costs (15) . Such studies suggest differences in surgical approach, combined with differences in treatment options, may explain the lower costs in Medicaidinsured patients compared to Commercial-and Medicare-insured patients in a variety of surgical disciplines. There have also been few studies demonstrating differences in outpatient resources based on insurance provider, such as medication costs and clinic visits. In a retrospective study identifying expenditures for over-the-counter opioid prescriptions by insurance type, Zhou et al. found that Medicare spends significantly more on opioid pain relievers than does Medicaid or private insurers (16) . In a epidemiologic study of 5103 patients, Shmagel et al. demonstrated that patients with cLBP covered by government-sponsored insurance plans (Medicaid and Medicare) visit healthcare providers more frequently; thus, increasing healthcare spending (17) . Analogous to these studies, our study found that along with overall costs, Medicaid patients had lower pain-related costs, pain prescription costs, and medication costs than Commercial-and Medicare-insured patients.
In efforts to reduce health care expenditures for patients with FBSS, further studies are necessary to identify the factors within each facet of healthcare management that are driving these cost differences between patients based on insurance provider. For example, Medicare costs may be proportionately increased due to the increased complexity in managing multiple co-morbidities represented in the aging population. The degree to which patients are willing and able to seek care for their FBSS might further explain the expenditure differences. Commercial-insured patients might be more willing to seek care because of their socioeconomic status, whereas patients on government-sponsored insurance plans may be less likely to seek further care due to financial constraints. Therefore, there are many variables that may contribute to the differences in healthcare costs in FBSS patients and more studies are necessary to better identify those factors. This is the first study to show significant differences in overall costs between insurance providers in the management of FBSS. This study, however, has limitations that have possible implications for its interpretation. First, this data was acquired retrospectively from a national database and limited by the data that was available. Second, baseline clinical states and other patient-related factors including the underlying etiology of FBSS could not be determined. Third, the patients' specific insurance plans within their insurance package could not be discerned, which may skew the costs of care. Last, with most studies selecting patients using diagnosis and procedure codes, some miscoding may be present.
Despite these limitations, the comprehensive and inclusive nature of the MarketScan database provides a useful trend. This study demonstrates a significant difference in overall costs between various insurance providers in management of FBSS, with Medicaid-insured patients having lower overall costs compared to Commercial-and Medicare-patients with five-year longitudinal data. Follow-up studies are required to delineate factors driving this difference in costs, and measures that may be taken to address existing deficits in quality of care across insurance providers.
CONCLUSION
Our study demonstrates a significant difference in overall costs between various insurance providers in the management of FBSS, with Medicaid-insured patients having lower overall costs compared to Commercial-and Medicare-patients. SCS is cost-effective across all insurance groups (Commercial > Medicaid > Medicare) beginning at two years and continuing through nine-year follow-up. Further studies are necessary to understand the cost differences between these insurance providers, in hopes of reducing unnecessary health care expenditures for patients with FBSS.
